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© Surface mounting semiconductor device and method. 


© A surface mounting device (10) incorporating a 
high power RF semiconductor transistor comprises a 
common lead plane (12), an input lead plane (14), a 
collector lead plane (16), a transistor die (20) elec- 
trically and thermally connected to the collector lead 
plane (16), bonding wires (26,26 ) for connecting 
emitters (24) and bases (22) of the transistor (20) to 
the common (12) and input (14) lead planes respec- 
tively, and a molded plastic body member (28) for 
sealing the device components (70) while leaving the 
lower coplanar surfaces of the lead planes exposed 


on the bottom face of the device (11). There are no 
flying leads. 

By eliminating an expensive metallized ceramic 
insulator from inside the device package (10) and 
instead providing electrical isolation as a part of an 
external circuit board (30), the cost for fabricating the 
device and installing them on the printed circuit 
board (30) are significantly reduced. The device is 
particularly rugged and can be easily mounted on 
the PC board (30) by automated equipment. 
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SURFACE MOUNTING SEMICONDUCTOR DEVICE 


Field of the Invention 


The present invention relates, in general, to a 
surface mounting packaged semiconductor device 
and, more particularly, to a surface mounting de- 
vice without an internal insulator under the active 
element, and a fabrication method therefor. 


Background of the Invention 


With the increasing use of high power transis- 
tors (1 to 80 Watts) in electrical circuits which 
operate at high frequencies, such as radio fre- 
quencies (RF), e.g. 25 MHz to 1GHz, it has be- 
come necessary to design transistor packages 
which permit the transistors to operate properly in 
such circuits. The packages for such high power 
transistors must be capable of dissipating the rela- 
tively high quantities of heat generated by the 
transistor to maintain the transistor at a suitable 
operating temperature, i.e., a temperature which 
will not adversely affect ttte operating characteris- 
tics of the transistor. Another important characteris- 
tic for such packages is that they provide for good 
electrical grounding of the transistor with a mini- 
mum of parasitic inductance. 

In order to satisfy these requirements and pro- 
vide collector isolation, prior art high frequency 
semiconductor device packages for many high fre- 
quency transistors utilize internal metallized ce- 
ramic insulators. The metallization provides elec- 
trical connection to the transistor while the ceramic 
provide electrical isolation but thermal conduction 
between, typically, the transistor collector and the 
underlying heat sink on which the device is ulti- 
mately mounted. 

For example. U.S. Pat. No. 3,969,752 discloses 
a semiconductor device package having a metal 
layer for supporting the bottom of an NPN transis- 
tor die and connecting to the transistor, collector, 
and having a ceramic insulator underlying the col- 
lector metal layer and overlying the lowest metal 
layer functioning as a ground terminal and as a 
heat sink. The bottom of the transistor die is the 
collector. This is because a top collector transistor 
configuration causes large parasitics. However, the 
collector must be separated from the common or 
ground terminal which is usually connected to the 
emitter. Therefore, electrical isolation of the bottom 
of the transistor from the ground is needed. An- 
other U.S. Pat. No. 3.728,589 describes a semicon- 


ductor assembly having a mounting block of an 
electrical insulating but thermally conducting ma- 
terial, such as beryllium oxide or alumina, mounted 
in a cavity in a ground plane member. 

5 Although the heat dissipation and the electrical 

parasitic characteristics of RF transistor device 
packages have been improved in the prior art, they 
require additional materials and processes for in- 
troducing metallized ceramics, which are time and 

w cost consuming. Insulating BeO and Al 2 0 3 ceram- 
ics 508 to 1524 mm thick, such as are commonly 
used in the prior art, are expensive. Further, the 
ceramic must be metallized, with e.g. gold, and 
then usually brazed or soldered to other package 

T5 components. As a result, the final package cost 
including the cost of the ceramic material, the 
metallization, brazing or soldering, and the heat 
sink becomes quite high. 

In addition, some prior art semiconductor de- 

20 vice packages are prone to have flux and solder 
enter the cavity of the device, for example, during 
soldering operations used to attach the packages 
to the circuit. Further, most prior art RF packages 
are not well suited for surface mounting and are 

2b not designed to be easily handled by pick and 
place equipment. Also, positioning of capacitors 
close to most prior art packages is often difficult 
because of the protruding flying leads found on 
these packages. 

30 

SUMMARY OF THE INVENTION 


35 Accordingly, it is an object of the present in- 

vention to provide an improved surface mounting 
semiconductor device and method, therefore in- 
cluding for example a high power transistor adapt- 
ed for high frequency operation, wherein the cost 

to and time required for fabricating the device are 
reduced. 

More particularly, it is an object of the present 
invention to provide such a surface mounting semi- 
conductor device and fabricating method thereof, 
45 without using an internal insulator under the active 
element. 

Yet another object of the present invention is to 
provide an improved electronic assembly including 
such device and a mating printed circuit board 
so having an electrically insulated heat sink, wherein 
the total cost is reduced. 

In carrying out the above and other objects of 
the invention, there is provided in an exemplary 
embodiment employing a transistor, a surface 
mounting package for a high power semiconductor 
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dovicc comprising a common lead plane, an input 
lead piano, a collector lead plane, a transistor die 
mounted on the collector lead plane, bonding wires 
for connecting emitter(s) and base(s) of the transis- 
tor to the common and input lead planes respec- 
tively, and an enclosure for sealing the package 
components. By removing the expensive metallized 
ceramic insulator from within the device package 
and instead forming the collector isolation insulator 
as a part of a printed circuit board or as an insert in 
the circuit board, the cost of fabricating the device 
package is significantly reduced. Further, the de- 
vice of the present invention can be conveniently 
handled by pick and place equipment because it 
need not have flying leads typical of prior art dual- 
in-line or gull-wing or SOT type packages. 

In accordance with another feature of the 
present invention, there is also provided an elec- 
tronic assembly comprising such device and a 
printed circuit board. For the situation where the 
device comprises a transistor, the printed circuit 
board has a board member of insulating material, a 
common contact, an input contact and an output 
contact on the board member, and a thermally 
conductive region extending through the board 
member whose upper surface is desirably coplanar 
with the upper surface of the contacts. The device 
package is mounted on the printed circuit board so 
that the common, input and a first portion of the 
collector lead planes are in contact with the com- 
mon, input and output contacts respectively, and 
another portion of the collector lead plane is in 
contact with the heat sink region. Because the heat 
sink member need incorporate only a very thin 
electrical insulator, and because it can be placed in 
or on the printed circuit board without need of 
metallizing or, alternatively, provided as a separate 
part, the required processes and the total cost for 
making such electric circuit (including the device, 
the printed circuit board and the heat sink member) 
is reduced. 

These and other objects and advantages will 
be apparent to one of skill in the art from the 
detailed description below taken together with the 
drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a partially cut away and perspective 
view illustrating a surface mounting electronic 
device according to one embodiment of the 
present invention; 

FIG. 2 is a simplified plan view of a leadframe 
with lead planes, a transistor die and wire 
bonds, such as is incorporated in FIG.1 ; 
FIG. 3A is a cross-sectional view of the device 


shown in FIG.t and a printed circuit board con- 
taining a heat sink insulator, illustrating the con- 
tacting relationship between the device and the 
printed circuit board: 
s FIGS. 3B-D are simplified cross-sectional draw- 
ings of alternative heat sink insulators that can 
be utilized in FIG. 3A: 

FIG. 4 is a perspective view of a printed circuit 
board and device similar to that shown in FIG. 
ro 3A but according to a further embodiment of the 
present invention: 

FIG. 5 is a cross-sectional view of an additional 
embodiment of a printed circuit board similar to 
that shown in FIG. 3A: 
is FIGS. 6A-8A are simplified plan views of various 
lead planes with transistor die thereon, accord- 
ing to still further embodiments of the present 
invention: and 

FIGS. 6B-8B are simplified central cross-sec- 
20 tions of FIGS. 6A-8A. respectively. 

DETAILED DESCRIPTION OF THE INVENTION 


25 A semiconductor device suitable for mounting 

to a mating printed circuit board, according to the 
present invention, will now be described in detail 
with reference to a preferred embodiment thereof, 
illustrated in FIGS. 1, 2 and 3. AJternative configu- 

30 rations are illustrated in FIGS. 4-6. The present 
invention is useful for discrete transistors and ICS 
and is especially well suited to RF power devices 
and circuits. 

For convenience of explanation and not in- 

35 tended to be limiting, the package and circuit ar- 
rangement is described herein in terms of a bipolar 
transistor having emitter, base and collector termi- 
nals. However, those of skill in the art will under- 
stand that the present invention also applies to 

40 other electronic elements, such as for example, 
field effect transistors, thyristors, diodes, phototran- 
sistors, and other elements familiar to those of skill 
in the art. As used herein, the words "transistor" or 
"transistors" are intended to include such other 

45 elements and the words "emitter", "base", and/or 
"collector" are intended to include analogous ter- 
minals of such other elements. 

Referring now to FIGS. 1-3A, surface mount- 
able electronic device 10 includes substantially flat 

so common lead plane 12 exposed on lower face 11 
of device 10 and having upper and lower surfaces. 
Common lead plane 1 2 comprises in the illustrated 
embodiment, two parallel side portions 12 joined 
by bridge portion 12 . and is made of an elec- 

55 trically conductive material, such as copper. 

Device 10 also includes input lead plane 14 
whose lower surface is also exposed on lower 
surface 11 of device 10. Input lead plane 14 is, 
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preferably, a Hat rectangular electrode having up- 
per and lower surfaces, and is made of an elec- 
trically conductive materia), such as copper. How- 
ever, common and input lead planes 12 and 14 
may be made of other materials covered with an 
electrically conducting material. 

Device 10 further includes collector lead plane 
16 whose lower surface is also exposed on lower 
surface 11 of device 10 in the same manner as 
lead planes 12, 14. Collector lead plane 16 is, 
preferably, a flat rectangular electrode having up- 
per and lower surfaces and. desirably, has an area 
which is large compared to transistor die 20. Col- 
lector lead plane 16 is made of an electrically and 
thermally conductive material, such as copper. 
However, collector lead plane 16 may be made of 
a good thermally conductive material which is coat- 
ed with an electrically conductive layer. 

The lower surfaces of lead planes 12, 14 and 
16 are substantially coplanar and are exposed on 
or slightly protrude from surface 11 of device 10. 
For manufacturing convenience, leads 12, 14 and 
16 may be part of a planar "ladder" lead-frame 
with detachable side-rails 13 and support strips 
visible in FIG. 2. which are sheared off after encap- 
sulation. While leads 12 14, 16 are shown as hav- 
ing a shape that is rectangular or a combination of 
joined rectangles and as having the same thick- 
ness, they may have any convenient lateral shape 
and variable thickness. It is important however that 
their lower surfaces be substantially flat and 
coplanar. 

Transistor die 20 is generally a flat body of 
semiconductor material, such as for example a 
silicon chip having several bipolar transistor cells or 
other device regions formed therein. The number 
of cells and type of transistor or other element will 
vary with particular applications. For example, RF 
transistors having from 1 to 40 NPN amplifying 
cells are commonly used. Such devices are con- 
structed by means well known in the art. Multiple 
parallel wire bonds are typically used to connect 
the device regions of the cells to the package 
leads. 

Transistor die 20 is mechanically secured to 
the upper surface of collector lead plane 1 6 by any 
convenient method, such as for example, bonding 
with Au-Ge or Au-Si eutectic or other suitable elec- 
trically and thermally conductive attachment ma- 
terial. Thus, the lower surface of transistor die 20 is 
electrically and thermally coupled to the upper 
surface of collector lead plane 16. In the embodi- 
ment shown in FIGS. 1-2, four transistor cells are 
illustrated, i.e.. four emitter electrode regions 24 
and four base electrode regions 22 are provided on 
the upper surface of transistor die 20. A collector 
electrode region (not shown) is provided on the 
lower surface of transistor die 20, and is electrically 


and thermally coupled to the upper surface of 
collector lead plane 16. Transistor die 20 is gen- 
erally smaller in area than the upper surface of 
collector lead plane 16. 

5 Although transistor die 20 is shown as being 

positioned adjacent one edge of collector lead 
plane 16, it may be placed anywhere on the upper 
surface of collector lead plane 16. Further, while 
die 20 is referred to for convenience as a transis- 

w tor, it may be any electronic element having at 
least two terminals, wherein the surface bonded to 
lead 16 is the principal heat dissipating surface. 

Where the transistor contained within package 
1 0 is to be used in the common emitter configura- 

ts tion, which is typical in RF amplifiers, emitter con- 
tact regions 24 of transistor die 20 are electrically 
connected to the upper surface of bridge portion 
12 of common lead plane 12 by a plurality of 
bonding wires 26. Wires 26 are of an electrically 

20 conductive metal, such as gold or aluminum. Wires 
26 are bonded preferably by either ultrasonic or 
compression bonding techniques. 

Base contact regions 22 of transistor die 20 are 
electrically connected to the upper surface of input 

25 lead plane 14 by a plurality of bonding wires 26' 
similar to wires 26. While gold and aluminum wire 
are particularly convenient for connections 26, 26 , 
other interconnection means well known in the art 
may also be used. As used herein the words 

30 "bonding wires" are intended to refer generally to 
any means of interconnecting the wire bonding 
pads or attachment points on the semiconductor 
die to the appropriate regions on the lead planes. 
Although the common emitter configuration is 

35 illustrated in FIGS. 1 , 2 and 3, it should be under- 
stood that the present invention is not limited to 
this configuration and is also useful in a common 
base configuration. In such common base configu- 
ration, base contact regions 22 are connected to 

40 bridge portion 12 of common lead plane 12, and 
emitter regions 24 are connected to input lead 
planes 14. In either configuration, collector lead 
plane 16 would provide the electrical terminal of 
the collector of the transistor and the principal 

45 thermal dissipation heat path. The lead arrange- 
ment of device 10 is easily modified to accept a 
top-side collector die in which case bonding wires 
or equivalent would be used for coupling the top 
collector contact to lead plane 16. Further, while it 

so is convenient to connect bonding wires 26 to 
bridge portion 12' of common lead plane 12, this is 
not essential and wires 26 may extend to side 
portions 12" of lead plane 12. 

Where a two-terminal element (e.g. a diode) is 

55 desirable to be used as die 20, then it would be 
mounted on the lead plane intended to serve as 
the principal thermal dissipation leas (e.g. lead 
plane 16), and wire bonded, for example, to an 
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input load plane (e.g. 12 and/or 14). Either or both 
of lead plane 12, 14 may be as the input lead 
piano or they may be combined. 

Device 10 further comprises body or encap- 
sulation 28 which provides primary structural sup- 
port for device 10 and its interior parts, and pro- 
tects the interior parts from the ambient atmo- 
sphere and from mechanical damage. Body 28 is 
preferably made of a moldable compound, for ex- 
ample, a thermo-setting plastic, formed by conven- 
tional molding techniques, such as injection mold- 
ing. Body 28 desirably encapsulates bonding wires 
26.26' die 20 and the upper surfaces of lead 
planes 12, 14 and 16. However, the lower surfaces 
of lead planes 12, 14 and 16 are exposed to allow 
electrical connection to the device. Portions of the 
lateral edges of leads 12, 14, 16 may or may not 
be exposed. Either arrangement works. Particular 
features of device 10. according to the present 
invention, are that it is capable of being tested prior 
to mounting onto a printing board circuit and that it 
is well adapted for handing by automatic machin- 
ery because it is free from the flying leads that 
protrude a significant distance from the package 
and which 

FIG. 3A illustrates a cross-sectional view of 
device 10 and its mating printed circuit board 30. 
Printed circuit board 30 is preferably composed of 
an epoxy glass insulating base material with elec- 
trical connection patterns formed on its upper 
and/or lower surface. Such circuit boards are well 
known in the art. 

The insulating base material may be consid- 
ered to be made up of three portions, that is. 
common portion 32, input portion 33 and output 
portion 36. On these portions there are respectively 
provided common contact 34, input contact 44 and 
output contact 46. so positioned as to mate with 
common lead plane 12, input lead plane 14 and a 
portion of collector lead plane 16, respectively, 
when package 10 is mounted on board 30. Con- 
tacts 34, 44 and 46 are typically made of a thin 
electrically conductive material, such as copper foil 
or gold plated copper foil and are separated from 
each other like islands. The contact configuration 
may be varied according to the connections. FIG. 4 
illustrates another contact configuration of printed 
circuit board 30 and FIGS. 6A-8A illustrate alter- 
native lead plane and transistor configurations. 
Printed circuit board 30 is usually fixed on another 
heat sink structure, such as chassis 42, as shown 
in FIG. 3A. 

In a first embodiment, recess portion 38 is 
provided between common portion 32 and output 
portion 36, extending through the insulating base 
material. Electrically insulating and thermally con- 
ducting heat sink plate 40 having a flat upper 
surface is inserted into recess portion 38 so as to 


mate with lead plane 16, preferably just under 
transistor die 20. when device 10 is mounted on 
board 30. 

Heat sink plate 40 contains an electrically in- 

5 sulating but thermally conductive material, prefer- 
ably a highly thermally conductive ceramic such as 
AI2O3 or BeO. This provides electrical insulation 
while allowing thermal conduction to extract the 
heat dissipated during operation of transistor die 

jo 20. Although heat sink plate 40 preferably contains 
alumina or beryllium oxide, other suitable thermally 
conductive but electrically insulating materials 
could be used. 

Heat sink plate 40 may be homogeneous, as 

?5 shown for example in FIG. 3A or be laminated, as 
shown for example in FIGS. 3B-D. In FIGS 3B-D, 
heat sink plate 40 comprises highly thermally con- 
ductive metal regions 401 and electrically insulat- 
ing but thermally conductive region 402. Other 

20 combinations may also be used. Because heat sink 
plate 40 may be formed using only very thin ce- 
ramic, e.g., 25.4-127.0 mm as opposed to 508- 
1016 mm for the typical in-package isolators, the 
cost for such expensive ceramic materials can be 

25 reduced. Further, assembly of heat sink plate 40 on 
board 30 is much less critical than placing an 
equivalent electrical isolation element under the 
semiconductor die within the prior art packages. 
The upper surface of contacts 34, 44 and 46 

30 and heat sink plate 40 may be coated with a metal 
adapted to permit the lower surfaces of lead planes 
12, 14 and 16 to be well bonded to contacts 32, 34 
and 36 and heat sink plate 40 with a suitable solder 
or other electrical connection means. Contacts 34, 

35 44 and 46 are desirably a of a highly electrically 
conductive metal, such copper, gold or gold plated 
copper so as to provide a low inductance. This is 
important where RF operation is desired. 

Instead of forming recess portion 38 for receiv- 

40 ing heat sink plate 40, metal region 40' may be 
provided on the upper surface of board 30 between 
common contact 34 and output contact 46 as 
shown in FIG. 5. In this situation, the dielectric 
material of board 30 serves as the thermal conduc- 
es tor to remove heat from lead plane 16 under die 
20. This method is usually thermally less effective 
because most common board materials (e.g., glass 
loaded plastics) have lower thermal conductivity 
than ceramics such as BeO or alumina. However. 

50 the cost is substantially lower because the expen- 
sive ceramic plate is eliminated and heat transfer is 
still better than would be obtained without the PC 
board under lead 16. 

Device 10 is desirably mounted on printed 

55 circuit board 30 so that heat sink plate 40, 40 is 
located immediately beneath transistor die 20. Heat 
sink plate 40, 40' should have as large an area as 
is practical without interfering with leads 12 and 16 
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since this decreases the thermal impedance. 

Referring to FIG. 3A, when device 10 and 
board 30 are combined, the lower surfaces of lead 
planes 12, 14, 16 are substantially coplanar with 
the upper surface of the leads and heat-sink region 
on printed circuit board 30. That is, common, input 
and collector lead planes 12, 14 and 16 are in 
electrical contact with contacts 34, 44 and 46 re- 
spectively, and lead plane 16 is also in thermal 
contact with heat sink plate 40. It is desirable that 
lower surface 11 of package encapsulation 28 be 
recessed slightly (e.g., 12.70127 0 mm) from the 
lower surface of lead planes 12, 14, 16 so as to 
insure that no part of encapsulation 28 interferes 
with contact between lead planes 12, 14, 16 and 
board contacts 44, 34, 40 and 46. 

Because the principal heat dissipating elec- 
trode of die 20 is separated from heat sink plate 40 
in printed circuit board 30 only by metallic lead 40 
(and any joining solder materials) and heat sink 
plate 40 is well coupled thermally to heat sink 42. a 
very low impedance heat dissipation path is ob- 
tained. Also, since lead 16 and heat sink plate 40 
can have a larger area than die 20, substantial heat 
spreading can occur, further reducing the thermal 
impedance. 

Advantages of the present invention are that (i) 
collector lead plane 16 serves as the support for 
die 20, as the electrical connector to the lower face 
of die 20 and as a heat path to provide excellent 
heat dissipation from die 20 to heat sink 42, (ii) 
very short wires 26, 26' may be used for connect- 
ing device regions on die 20 (or other components) 
to lead planes 12, 14, and (Hi) device 10 mounts 
directly onto contacts 34, 44, 46 and heat sink 
plate 40. As a consequence, the parasitic resis- 
tance and inductance and the thermal impedance 
are minimized. These features are extremely use- 
ful, especially in RF applications. Accordingly this 
invention provides an electronic device wherein a 
transistor or IC or other component or combination 
thereof can operate at radio frequencies at high 
powers with the achievement of high gains at high 
efficiencies and good stability. 

FIGS. 6A-8A show plan views in simplified form 
analogous to FIG. 2, but of alternative lead arrange- 
ments. FIGS. 6B-8B show simplified central cross- 
sections of the lead plane arrangements of FIGS. 
6A-8A viewed from the right side thereof and anal- 
ogous to the cross-section of device 10 shown in 
the upper portion of FIG. 3A but with encapsulation 
28 shown by the dashed lines. In FIGS. 6A-8A, the 
letters G, E, C and B designate which of the lead 
planes is coupled to the ground (common), emitter, 
collector and base terminals of the die, respec- 
tively. As those of skill in the art will appreciate 
based on the description herein, this is merely for 
ease of explanation and not intended to be limiting. 


FIGS. 6A-6B shows an arrangement similar to 
that in FIGS. 2-3A but with the addition of 
MOSCAP 52, i.e. an MOS device serving as a 
capacitor. Bonding wires 54, 56, 58 interconnect 

5 die 20, MOSCAP 52 and lead planes 12, 14. 
MOSCAP 52 typically has one electrode directly 
connected to lead plane 12, as illustrated. 

FIGS. 7A-B shows another arrangement in 
which common or ground lead plane 1 2 has bridge 

w portion 62 extending over collector lead 16 so as to 
permit a double bonded, grounded emitter configu- 
ration. 

FIGS. 8A-8B show a further arrangement in 
which a yoke-shaped collector and emitter are pro- 

75 vided with double bonded emitters and additional 
components 70, e.g.. resistors, inductors and/or 
capacitors. While components 70 are indicated as 
being all alike, those of skill in the art will appre- 
ciate that there may be different components or 

20 values in different locations. By varying the con- 
nections between lead planes 12, 14, 16 and die 
20. MOSCAP 52 and components 70, many dif- 
ferent electrical circuits can be provided within 
device 10. 

25 Where a two-terminal element (e.g. a diode) is 

desirable to be used as die 20, then it would be 
mounted on the lead plane intended to serve as 
the principal thermal dissipation lead (e.g. lead 
plane 16), and wire bonded, for example, to an 

30 input lead plane (e.g. 12 and/or 14). Either or both 
of lead plane 12. 14 may be as the input lead 
plane or they may be combined. 

Electronic device 1 0 of the present invention is 
conveniently formed by a method comprising, pro- 

35 vidtng first lead planes 12 of an electrically conduc- 
tive material (e.g., copper) having opposed first and 
second surfaces, providing second lead plane 16 of 
an electrically conductive material (e.g., copper) 
having opposed first and second surfaces, provid- 

40 ing semiconductor die 20 including a first surface 
having at least one device region therein and a 
second surface opposite the first surface, attaching 
the second surface of the semiconductor die to the 
first surface of second lead plane 16 without an 

45 intervening insulator, connecting the at least one 
device region to the first surface of first lead plane 
12 (e.g., by wire 26), and encapsulating device 10 
so that at least portions of the second surfaces of 
lead planes 12, 16 are exposed on a first face of 

so the encapsulation. The second faces of lead planes 
12, 16 are exposed. Their edges (e.g., see FIG. 1) 
may also be exposed. 

It is desirable that the foregoing steps provide 
exposed second surfaces of lead planes 12.16 that 

ss are substantially flat and coplanar. It is further 
desirable that the encapsulating step provide an 
encapsulation body that is recessed slightly from 
the exposed second surfaces of the lead planes. It 
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is further desirable that lead planes 12, 14 form 
part of a planar "ladder" leadframe having support- 
ing side-rails 1 3 which are sheared off after encap- 
sulation. 

An electronic assembly having a surface 
mounting device and a printed circuit board for 
receiving the device thereon, is formed by the 
method comprising: 

(A) providing surface mounting device 10 com- 
prising, first lead plane 12 of an electrically 
conductive material having opposed first and 
socond surfaces, second lead plane 16 of an 
electrically conductive material having opposed 
first and second surfaces, semiconductor die 20 
including a first surface having at least one 
device region therein and a second surface op- 
posite the first surface, wherein the second sur- 
face of semiconductor die 20 is coupled to the 
first surface of the second lead plane without an 
intervening insulator, connecting means 26 for 
electrically coupling the at least one device re- 
gion to the first surface of first lead plane 12, 
and encapsulation body 28 for providing struc- 
tural support for device 10, wherein body 28 
covers connecting means 26, semiconductor die 
20, and the first surfaces of lead planes 12, 16, 
and wherein at least parts of the second sur- 
faces of lead planes 12. 16 are exposed on a 
first face of body 28 (e.g., surface 11 of device 
10); and 

(B) providing printed circuit board 30 compris- 
ing, a board member made of an electrically 
insulating material and having a major surface, 
first contact 34 of an electrically conductive ma- 
terial and positioned on the surface of the board 
member so as to mate with at least part of the 
exposed second surface of the first lead plane 
12, second contact 46 of an electrically conduc- 
tive material and positioned on the surface of 
the board member so as to mate with at least a 
first part of the exposed second surface of the 
second lead plane 16, thermally conductive re- 
gion 40 extending through the board member 
and positioned to mate with at least a second 
part of the exposed second surface of the sec- 
ond lead plane 16 different than the first part 
thereof, and 

(C) mounting device 10 on printed circuit board 
30 with the second surfaces of first and second 
lead planes 12, 16 at least partially contacting 
first and the second contacts 34, 46, respec- 
tively, and the second surface of second lead 
plane 16 at least partially contacting thermally 
conductive region 40. 

It is desirable that thermally conductive region 
40 be of a material different than circuit board 30, 
e.g., of a more thermally conductive material than 
the insulating base material of circuit board 30, and 


that it extend through circuit board 30. 


Advantages 


According to the present invention, the cost of 
the surface mounting packages can be remarkably 
reduced, because the costly metallized ceramic 

to insulator commonly placed between the semicon- 
ductor die and the leadframe in prior art packages 
is no longer required. Even if the same costly 
ceramic insulator is used as the heat sink plate in 
the PC board, there is a substantial material saving 

15 associated with those encapsulated semiconductor 
devices that fail final test and are discarded since 
there is no need to discard the costly ceramic 
along with the defective device. 

Further, the heat sink material which is now 

20 incorporated in the printed circuit board, can be 
made thinner (25.4-127.0 mm versus 508-1016 
mm) and does not require intricate processes such 
as metallization or brazing. Therefore, the total cost 
for assembling the electrical circuit including the 

25 package and the printed circuit board can be also 
reduced. 

The manufacture of the invented device can be 
easily automated because a convenient flat 
"ladder" strip type leadframe may be used. Low 

30 cost plastic encapsulation of ladder leadframes and 
components thereon is well known in the art. 

Once manufacturing is completed, the lack of 
flying leads makes the finished device particularly 
easy to handle. Bent and damaged leads are 

35 avoided since only flat faces of the leads are 
exposed on package surface 1 1 and they are held 
firmly in place by body 28. There are no protruding 
gull-wing or "J" leads or other types of flying leads 
to be bent. These features combine to make the 

40 invented device particularly convenient for surface 
mounting on PC boards using automated pick and 
place equipment. 

A further feature of the present invention is that 
the various lead planes which support the internal 

45 die and wires and provide for external connection 
to the package are held together by encapsulation 
28. Thus, a separate supporting substrate is not 
needed as a part of the device package. 

Further, the arrangement provides great flexi- 

so bility of device and package design so that not only 
can surface mount devices be constructed accord- 
ing the principles of the present invention, but 
more conventional parts can also be realized. For 
example, where the invented device is desired to 

55 provide a drop-in replacement for a prior art flying 
lead device, it may be readily converted to a flying 
lead device by attaching flying leads to exposed 
lead planes 12, 14, 16. 
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While the present invention has been shown 
and described with reference to particular embodi- 
ments thereof, various additional modifications and 
changes will be apparent to those skilled in the art, 
based on the description herein. For example, 
while the invented device has been described as 
employing bipolar transistors, those of skill in the 
art will understand that any component having two 
or more terminals may be employed as die 20 and 
that the present invention is not limited to three 
terminal devices Accordingly, it is intended to in- 
clude within the scope of the claims that follow 
these and such other variations as will occur to 
those of skill in the art based on the description 
herein. 


Claims 

1. A method for providing an electronic device (10), 
characterized by: 

providing a first lead plane (12) of an electrically 
conductive material having opposed first and sec- 
ond surfaces; 

providing a second lead (16) plane of an elec- 
trically conductive material having opposed first 
and second surfaces; 

providing a semiconductor die (20) including a first 
surface having at least one device region therein 
and a second surface opposite the first surface; 
attaching the second surface of the semiconductor 
die (20) to said second lead plane (16) without an 
intervening insulator; 

connecting said at least one device region to said 
first lead plane (12); and 

encapsulating the device (10) so that at least por- 
tions of said second surfaces of said lead planes 
(12, 16) are exposed on a first face of said body 
and not elsewhere. 

2. A method of forming an electronic assembly 
comprising a surface mounting device (10) and a 
printed circuit board (30) for receiving said device 
(10) thereon, characterized by: 

(A) providing said surface mounting device (10) 
comprising: 

a first lead plane (12) of an electrically conduc- 
tive material having opposed first and second 
surfaces; 

a second lead plane (16) of an electrically con- 
ductive material having opposed first and sec- 
ond surfaces; 

a semiconductor die (20) including a first sur- 
face having at least one device region therein 
and a second surface opposite the first surface 
with the second surface coupled to said second 
lead plane (16) without an intervening insulator; 
connecting means (26) for electrically connect- 
ing said at least one device region to said first 


lead plane (12); 

a body (28) for providing structural support for 
the device (10), said body (28) covering said 
connecting means (26,26') and said first sur- 
5 faces of said lead planes (12,14,16) and said 

semiconductor die (20), wherein at least portions 
of said second surfaces of said lead planes 
(12,14,16) are exposed on a first face of said 
body (28); and 

io (B) providing said printed circuit board (30) 

comprising: 

a board member (32) made of an electrically 
insulating material and having a surface: 
a first contact (34) of an electrically conductive 
75 material, positioned on the surface of said board 
member (32) so as to mate with at least part of 
the exposed second surface of said first lead 
plane (12); 

a second contact (46) of an electrically conduc- 
20 tive material, positioned on the surface of said 
board member (36) so as to mate with at least a 
first part of the exposed second surface of said 
second lead plane (16); 

a thermally conductive region (402) extending 
25 through the board member (40) and positioned 
to mate with at least a second part of the 
exposed second surface of the second lead 
plane (16), different than the first part thereof; 
and 

30 (C) mounting said surface mounting device (10) 
on said printed circuit board (30) with said sec- 
ond surfaces of said first (12) and second (16) 
lead planes at least partially contacting said first 
(34) and said second (46) contacts, respectively, 

35 and said second surface of the second lead 
plane (16) at least partially contacting the ther- 
mally conductive region (402). 

3. The method of claim 2 further characterized by 
providing a thermally conductive region (402) of a 

40 material different than the circuit board (30) 

4. A surface mountable (RF) device (10) having low 
impedance planar contacts, characterized by: 

a leadframe (12,14,16) having first (16), second 
(12) and third (14) spaced-apart portions with gaps 

45 therebetween and with coplanar lower surfaces and 
opposed upper surfaces, wherein the first (16), 
second (12) and third (14) portions are held in 
spaced-apart substantially flat relationship by sup- 
port strips sheared off after encapsulation; 

50 at least one RF transistor die (20) having its lower 
face bonded tot he upper surface of the first por- 
tion (16) and regions on its upper face coupled to 
the upper surfaces of the second (12) and third 
(14) portions by electrical connections (26,26 ); and 

55 an encapsulation (28) having an upper surface, a 
lower surface (11) and a side therebetween sur- 
rounding the at least one RF transistor die (20) and 
electrical connections (26,26'), wherein the lower 
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surface of the encapsulation (11) does not extend 
beyond the coplanar lower surfaces of the first 
(16). second (12) and third (14) leadframe portions 
which are exposed from the lower surface (11) of 
the encapsulation (28) for providing large area, 5 
planar, electrical and thermal contacts to the device 
(10). 

5. The device (10) of claim 4 wherein, after the 
support strips have been sheared off, the first (16), 
second (12) and third (14) portions of the leadframe w 
do not protrude substantially beyond the side of 

the encapsulation (28). 

6. A surface mountable RF device (10), character- 
ized by: 

a leadframe (12,14,16) of sufficient stiffness to be is 
self supporting and having at least first (16) and 
second (12) spaced-apart portions with gaps there- 
between and with coplanar lower surfaces and op- 
posed upper surfaces, wherein the at least first (16) 
and second (12) portions are held in spaced-apart 20 
relationship by support strips sheared off after en- 
capsulation; 

at least one RF semiconductor die (20) having its 
lower face bonded to the upper surface of the first 
portion (16) and at least one region on its upper 25 
face coupled to the upper surface of the second 
portion (12) by at least one electrical connection 
(26); and 

an encapsulation (28) having an upper surface, a 
lower surface (11) and a side therebetween, sur- 30 
rounding the at least one RF semiconductor die 
(20) and electrical connection (26), wherein the 
lower surface of the encapsulation (11) does not 
extend beyond the coplanar lower surfaces of the 
at least first (16) and second (12) leadframe por- 35 
tions which are exposed on the lower surface of the 
encapsulation (28). 

7. A surface mountable electronic device (10), 
characterized by: 

a metal leadframe (12,14,16) having at least first 40 
and second portions with opposed first (16) and 
second (12) principal surfaces, wherein the second 
surfaces of the first (16) and second (12) portions 
are coplanar and exposed; 

at least one electronic element (20) having a first 45 
face bonded to the first surface of the second 
portion (12) and another, opposite, face coupled to 
the first surface of the first portion (16) by electrical 
connection means; and 

molded encapsulation (28) enclosing the electronic 50 
element (20) and electrical connection means 
(26,26')but not the exposed, coplanar, second sur- 
faces of the first (16) and second (12) portions. 

8. The device of claim 7 wherein the leadframe 
(12,14,16) has a projection measured in the plane ss 
of the coplanar second faces, and the encapsula- 
tion (28) has a second projection (11) similarly 
measured, and the first projection does not extend 


substantially outside the second projection (1 , 
9. An electronic assembly comprising a com 
tion of a surface mounting electronic device^ 
and a circuit board (30) for receiving the dej 
(10) thereon, characterized by: 

(A) wherein the surface mounting device (\ 
comprises, (i) a metal leadframe (12.14,16) h»\ 
ing at least first (12) and second (16) portidjpX 
with opposed first (12) and second surfacl, \ 
wherein the second surfaces of the first (1 2) M \ 
second (16) portions are coplanar, (ii) at le« \ 
one electronic element (20) having a first fa^ \ 
bonded to the first surface of the* jsecond portion". 
(16) and another, opposite, face' flbupled to the 
first surface of the fifct portion (IMby electrical 
connection means (2[). and (in ) ajh° lclec en- 
capsulation (28) enclosing the elfttronic ele- 
ment (20) and electric! connection Ineans (26) 

but not the coplanar second surfaces^ the first i 
(12) and second (16) portions, whereilthe mol- I 
ded encapsulation (28) tias a seconl surface | 
(11) with the second surfaces of thelrst (12) ' 
and second (16) portions of the le|dframe 
(12.14,16) protruding slightly therefrom; ' 

(B) wherein the circuit board (30) comprises, an 
electrically insulating substrate (32,33,36) having 
first (34) and second (46) metal contact regions 
thereon mating with at least parts of the 
coplanar second surfaces of the first (12) and 
second (16) portions of the leadframe 
(12,14,16). and a highly thermally conductive 
contact region (40) extending through the elec- 
trically insulating substrate so as to mate with 
another part of the second portion (16) of the 
leadframe (12,14,16) located immediately be- 
neath the electronic element (20); and 

(C) wherein the first (34) and second (46) metal 
contact regions of the circuit board (30) are 
bonded to the mating parts of the second sur- 
faces of the first (12) and second (16) portions 
of the leadframe (12.14,16), and the highly ther- 
mally conductive contact region (40) extending 
through the electrically insulating substrate 
(32,33,36) is located in intimate thermal contact 
with the mating another part of the second por- 
tion (16) of the leadframe (12,14,16) located 
immediately beneath the electronic element 
(20). 

10. The assembly of claim 9 wherein the highly 
thermally conductive contact (40) region is lami- 
nated and more thermally conductive than the elec- 
trically insulating substrate of the circuit board (30). 
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flying leads. 
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external circuit board (30), the cost for fabricating the 
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particularly rugged and can be easily mounted on 
the PC board (30) by automated equipment. 
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